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Abstract

Excited states in the proton-unbouh@®175:17Au nuclei were identified for the first time. Level structures associated with
three different shapes were observediPAu. While the yrast lines of"°Au andl’7Au consist of a prolate band built upon the
intruder 172660 (i13/2) proton orbital, no sign of collectivity was observed in the IigHtQAu isotope. Implications for the
deformation associated with these structures are discussed with a focus on shape co-existence in the vicinity of the proton-drif
line. 0 2001 Published by Elsevier Science B.V.

PACS 27.70.+q; 23.20.Lv; 23.60.+e; 21.10.Tg

Even—even neutron-deficient nuclei near the 82 the ground state as the neutron number decreases be-
shell closure are known to exhibit coexistence between low mid-shell (v ~ 104) [3—-8]. At present, the role
an oblate or nearly spherical ground state and a prolateof individual proton and neutron orbitals in driving
shape located only a few hundred keV higher in excita- the nuclear shape has not been fully delineated. The
tion energy [1,2]. Recently, it has been shown that the present Letter addresses the role of protons by provid-
prolate minimum increases in energy with respect to ing detailed information on the level structures of the

most neutron-deficient Au nuclei investigated thus far.

_ The study of these nuclei is of importance not only

 Frmail address: kondev@anl.gov (PG Konde). in the context of shape coexistence, but also in rela-
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has been shown that proton decay rates, which dependbelow mid-shell. In addition, the role of the lo-

on the tunneling probability through the Coulomb and i13/> neutrons can also be examined. The impact
centrifugal barriers, are sensitive not only to the quan- of the latter on the formation of different minima
tum numbers and the intrinsic configurations of the has been largely neglected in this mass region. All
parent and daughter nuclei, but also to other important three Au isotopes are energetically unbound to the
structural effects, most notably deformation [9,10]. In emission of protons [9], but their decay wiamission
the region near th& = 82 shell closure, effects of de- is favored by the associate@ values and barrier
formation on the properties of proton emitters should heights. The yrast structures 8f°Au and 177Au

be expected because of the shape coexistence menare found to be the result of the coupling of an
tioned above and the ensuing interaction between con-intruderiiz/» proton to the prolate deformed Pt and
figurations associated with the different shapes. How- Hg cores identified previously [5—-8]. Remarkably,
ever, the experimental situation is unclear because theno sign of collectivity is observed in the lightest
degree to which this coexistence persists in drip line isotope,l”3Au. Theoretical calculations of occupation

nuclei is poorly known. Proton emitters #Au [11]
and1’7TI [12] were interpreted as resulting from the
coupling of therrhy1/> orbital to thenear-spherical

probabilities and single-particle quadrupole moments
show a correlation between the magnitude of the
deformation of the intruder bands and the population

ground state of the even—even core. The proton decayof low-£2 hg,> proton and3/> neutron orbitals.

rate in189Bj [13] was also reproduced satisfactorily
with a configuration consisting of &/, proton cou-
pled to the(yrhg/z)2 core, although the influence of
the oblate shape associated with this intruder config-
uration was not explicitly considered in the calcula-
tions.

The limited knowledge about shape evolution near
the proton-drip line in this mass region is partly
due to experimental difficulties in the production
of states of high spin and excitation energy in the

Excited states if’3Au, 17°Au and’’Au were pop-
ulated via thep2n channels in fusion reactions of
845y jons with?2Mo (at 390 and 395 MeV beam en-
ergy),?*Mo (380 and 385 MeV) antfMo (380 MeV)
targets. The beam was delivered by the ATLAS su-
perconducting linear accelerator at Argonne National
Laboratory. The isotopically enriched-©0%), self-
supporting targets were about 700 /pg? thick.
Prompty-rays were detected with the Gammasphere
array [16] consisting, for these experiments, of 101

nuclei of interest by using conventional heavy-ion large volume escape-suppressed Ge detectors. The
fusion reactions because of severe competition from evaporation residues were transported through the
fission. Furthermore, the small evaporation-residue Fragment Mass Analyzer (FMA) [17] and were dis-
cross section is also fragmented over many channels,persed according to their mass-to-chamgég() ratio.
thus requiring sensitive detection techniques to select A position-sensitive parallel grid avalanche counter
a specific nucleus. One such technique is recoil decay (PGAC), located at the FMA focal plane, provided the
tagging (RDT) [14]. It correlates the promptrays m/q information and the time of arrival of the recoils.
emitted from a recoiling nucleus at the target position The latter nuclei were subsequently implanted into a
with its subsequent characteristic alpha (or proton) 40 x 40 (40x 40 mm,~ 60 um thick), double-sided
decay. Further suppression of fission and charged silicon strip detector (DSSD) located 40 cm behind the
particle emission can be achieved by taking advantage PGAC. Each event in the DSSD was time stamped and

of fusion reactions between symmetric nuclei, which
often have large, negativ@-values at energies near
the barrier [15].

In this Letter, we report on the observation of
excited structures in thé’3Au (N = 94), 1"°Au
(N =96) and*’’Au (N = 98) isotopes. These nuclei
provide the opportunity to elucidate the shape driving

identified as either an implanted recoil or a charged-
particle decay, depending on the correlation with a sig-
nal from the PGAC. The background introduced by

scattered projectiles, which have much higher veloc-
ities than the evaporation residues, was removed in
the off-line analysis by placing coincidence gates on
the evaporation-residue events in the two-dimensional

properties of proton excitations based on the important histogram of the time-of-flight between PGAC and

hoy2, fr/2 andiiz/» proton orbitals in a region where

they have not been investigated much before, e.g.,

DSSD versus the implantation energy. In addition, an
array consisting of four Gammasphere-type Ge de-
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Fig. 1. Partial level scheme for the yrast cascade’s #u, 175Au and177Au. The width of the arrows is proportional to the intensity of the

transitions. Thex-decaying states are indicated with the corresponding energies and half-lives.

tectors and a single low-energy photon spectrometer Partial level schemes showing the yrast structures
(LEPS) surrounded the DSSD. Time-correlatedy of 173Au, 17°Au and 1"’Au are presented in Fig. 1.
coincidences were measured and used to elucidate theA common feature in all three cases is the pres-
a-decay fine structure to excited levels in daughter and ence of ana-decaying, high-spin isomer. The mea-
grand-daughter nuclei and, hence, to provide unam- sureda-decay energies and half-lives were found to
biguous spin, parity and configuration assignments to be in agreement with the most recently published val-
the w-decaying states. Specific details regarding the ues [12,19], but in general the present results are of
experiments and the data reduction can be found in greater accuracy. Furthermore, the presence of two
Ref. [18]. a-emitting states id’’Au was firmly established, con-



F.G. Kondev et al. / Physics Letters B 512 (2001) 268-276 271

trary to the conclusion drawn in Ref. [20]. Based assignments remain tentative, the proposed spins and
on the deducedx-decay reduced widths, the ob- parities are consistent with the analysis of a range of
servedxe—y correlations and the available experimen- additional information, including spectroscopic data
tal information about the daughter and grand-daughter on the daughter and grand-daughter nuclei, and sys-

nuclei [21-24], the high-spin isomers are assigned
I = 11/2= and the 1}127[505] (k112) Nilsson
configuration. The shape associated with this orbital

tematics in heavier Au [25,27,28,30] and Tl [31-33]
isotopes.
At high spin, the yrast line of’’Au comprises

changes gradually as the neutron number decreases well-deformed prolate band. While intensity con-

from triaxial in 18%Au [25] (N = 106) to nearly spher-
ical in 1"1Au [11] (N = 92). A low spin isomer has
also been observed iH3Au and 1"’Au, but not in
175Au. Poli et al. [12] proposed a/2[400] (s1/2)
configuration to this state ih’3Au. Given the distri-
bution of single-particle states near the proton Fermi
surface and the limited decay information available
on the daughtet’3Ir [21] and parent®T| [26] nu-
clei, a tentative (12*, 3/2%) assignment is proposed
for the isomer int’’Au. The most likely configuration
is either ¥/2%[411] (d3/2) at oblate deformation, or
3/21[402) (d3/2) at prolate deformation, albeit some
s1/2 admixture should also be expected. It is worth
pointing out that the structure of the low-lying states in
173.175.17A differs significantly from that seen in the
heavier179.181.183,18R nyclei where ground states
are assigned™ =5/2~ and are understood as mem-
bers of the intruderrhg,> band [25,27,28]. This fea-
ture is indicative of a shape change which occurs in
this isotopic chain in a manner similar to that ob-
served in the even—even Pt core nuclei (see, for ex-
ample, Refs. [3—6] and references therein).
Sampley-ray spectra showing transitions depopu-
lating states in""3Au, 17%Au and177Au are given in
Fig. 2. The assignment of-rays to a specific iso-
tope is based on correlations with the characteristic
a-decay line and with the gold X-rays. The placement
of transitions and levels is determined from theay
coincidence relationships. Their ordering follows from
the relative intensities within a given cascade. Since
y-ray angular distributions were found to be nearly
isotropic within statistical uncertainties, presumably
as a result of de-orientation as the ions recoil into vac-
uum [29], it was not possible to obtain useful infor-
mation on transition multipolarities. However;ray
intensity balances were used to extract total electron-
conversion coefficients;r, in order to distinguish be-
tween E1, M1 or E2 character for transitions with en-
ergies below about 250 keV for which the conversion
coefficients are significantly different. Although most

siderations established an E2 multipolarity for the
160.1 keV transitiondy (exp = 0.70(7); ar (E1) =
0.13, ar(E2) = 0.84, ar(M1) = 1.97 [34]), other
in-band transitions are assumed to be of E2 charac-
ter. Below the (132™) level, the intensity flux splits
into two branches, one proceeds via the 319.4, 289.9
and 240.8 keV transitions through the/29) mem-
ber of therr hg/» band and the 1/2~ isomer, while the
other reaches the (2%, 3/2%) ground state via the
265.4, 290.3 and 452.7 keY-rays. The lack of in-
tensity balance at the 398.7 keV level indicates that
a short lifetime {1/2 < 15 ns) may be present. Al-
though the experiment is not sensitive to direct mea-
surements of the half-life, it is worth pointing out that
a value of about 17 ns would be expected for this
state, based on the strength ofi@) x 10~° (MIZ\,)
measured for an analogous/2T — 9/2~ M1 tran-
sition in 18%Au [35]. The yrast line oft”®Au is also
formed by a collective band, similar to that seen in
77au, but its decay proceeds entirely through the
11/2~ isomer. The E1 character of the 89.4 keV transi-
tion follows from intensity balance considerations, and
other in-band transitions are assumed to be stretched
quadrupoles. In contrast €d°Au and1’’Au, no sign
of collectivity is observed if’3Au. The 592.2, 959.9
and 432.4 keV transitions are observed to be in co-
incidence with each other and their ordering within
a cascade follows from the measured relative inten-
sities. The 674.0 ke\y-ray was not in coincidence
with the above transitions and is placed as a direct
feeding of the 112~ isomer. Two additionaj -rays,
with energies of 748.0 and 803.0 keV, are seen in the
spectrum of Fig. 2(a). These were not placed in the
level scheme because of their weak intensities. Ad-
ditional band structures were observed'iRAu and
77au. The complete level schemes are beyond the
scope of the present work and will be discussed else-
where [36].

Positive parity yrast bands are known in the heav-
ier odd-mass Au [25,27,28,30] and Tl [31-33] nuclei.
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Fig. 2. (a) Spectrum of-rays correlated with th&’3Au a-decay line ofE, = 6.74 MeV. Summed, background-subtracteday coincidence
spectra from ther—y—y matrix produced by gating on thg, = 6.43 MeV (75Au) line (b) and on thek, = 6.12 and 6.16 MeV {"7Au)
lines (c). The transitions used as gates are indicated with filled circles.
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10 - . ] tablished by the higher-energy transitions and, there-
- & fore, cannot be interpreted as a member of the rota-
8 - /./‘. | . . . .
e ol t|onal casca(je. In addition, a vgnable moment of in-
6l ./,_/_g_/_'_ oo - | ertia (VMI) fit (see below) applied to the levels be-
LT O TR tween (172%) and (492%), predicts an energy of
4r d S 1 about 199 keV for the /2T — 13/2% in-band tran-
- it | sition. In this mass region an oblate to prolate shape
§ /_/-/'E change is a well established phenomenon. It occurs
or /./' /D/m/ ey . along the positive-parity, yrast structures in the heav-
l - . e | ier oddz 185187.18%| jsotopes [31,33]. In fact, while
u | o TAu the 1/2+[660] (i13/2) prolate band has been observed
4l R o Ay § to be yrast at high spin in these nuclei, the low-
j\\ o pt est 132+ state has been assigned to the2'3606]
6r 3 n 178py i (i13/2) oblate configuration. Taking into account the
8 : : : : striking similarities between the present observations
0.10 0.20 0.30 0.40 for 175Au and these positive-parity Tl sequences, the
ho (MeV) same 132%[606] oblate configuration is proposed for
the (13/2%) state at 976.7 keV. In terms of shape co-
Fig. 3. Aligned angular momenta for the yrast bands iRAu and existence, it is worth noting that structures associated

177au, and their even—even Pt core nuclei. The dashed line repre- th three different shapes compete for yrast status in
sents the aligned angular momentum seetPaTl [3_1], a mid-shell 17501, A near-spherical ground stat&"(= 11/27) is
nucleus representative of all deformed Tl nuclei. The same refer- .
ence parametersg = 27.5 MeV—1 2 and3; = 1900 MeV—3 4, followed by the (132") oblate level while the prolate
have been used for all bands. band dominates at higher spins. The energy separation
between the observed states can be associated with the
energy difference between these minima, albeit the ex-
They have been associated with a prolate shape andcitation energy of the prolate well is more subtle since
assigned to the intrudey27[660] (i13/2) proton con- theiys/» prolate band is not observed down to its band-
figuration. A characteristic feature of these structures head, presumably due to effects associated with defor-
is strong Coriolis mixing which leads to a large align- mation and Coriolis mixing.
ment ¢ ~ 6/) and a sizable signature splitting, with Similar to the approach outlined in Ref. [31], a so-
only the favored signature being observed. The newly called VMI fit was carried out for thé; 3> bands in
established bands iH°Au and1’’Au are consistent  1/>17Au, as well as for those of the heavier odd-
with such an interpretation. mass gold isotopes [25,27,28,30]. Empirical values
Experimental alignments for the positive parity se- of the deformation were subsequently deduced using
quences i "®Au and'’’Au are compared with those 2 ~ 91.7Q0/ZA%/3 [37], with a quadrupole moment
of their even—even platinum [5,6] cores and neigh- estimated asQg &~ 39.4/Jg [38], whereJg is the
boring oddZ Tl [31-33] isotopes in Fig. 3. The ob- moment of inertia. The results are presented in the
served values af ~ 67 for the bands i 7>17/Au are upper part of Fig. 4, together with predictions given
consistent with expectations for a rotationally-aligned by total Routhian surface (TRS) calculations based on
i13/2 proton, and support the/27[660] configuration a Woods—Saxon potential [39]. It is apparent that the
assignment. At the lowest frequencies, the Pt nuclei deformation of the13/> band int7Au is larger than
show an increase in alignment caused by a changethat in 1’°Au. Such a difference would account for
from an oblate to a more deformed prolate shape [5,6]. the larger alignment observed for the former band (see
The yrast sequence °Au exhibits a related behav-  Fig. 3). By extrapolating the trend seen in Fig. 4(a)
ior, thus suggesting that a similar shape change maytowards lower neutron number, one would expect an
have occurred. This is also evident from the spec- even smaller deformation for thigs/> band in173Au,
trum shown in Fig. 2(b), where the 294.2 keV tran- a structure which has not been observed in the current
sition does not follow the regular collective pattern es- work. It is also interesting to note that while the TRS
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0.4 ' (;1) In order to gain further insight into the differences
in deformation noted above, calculations of the single-
031 g S particle. _q_uadrupolle momgnts and of th.e occupa_tion
o« i SR probabilities of various orbitals were carried out using
a 027 * a Woods—Saxon potential with the Lipkin-Nogami
treatment of pairing in a way similar to that of
0.1 otheory Ref. [31]. Fig. 5 shows the contribution of specific
* expt. orbitals to the deformation of theéyz, bands in
00 | gfgpw t; — 173v.l75'1.7Au. The importance of the/2™[541] (hg)2)
®) o orbital in the formation of the prolate minimum
2500 29/2*, /O/‘: i, has been noted before (e.g., Refs. [2,31]) and is
S also evident in Fig. 5(a). The correlation between
£ 2000 1 the change in deformation with neutron number and
5 the occupation of the low?2 i13/»> neutrons is also
2 1500 ] apparent. Hence, one may conclude that the decrease
[0} . . . .
S in deformation of the13/» bands in the odd-mass Au
5 1000 i nuclei with neutron number is, at least partially, due to
u§<_|’ the step-wise decrease in the occupations of the low-
500 ) £2 i13/2 neutron orbitals, as well as to tihg,> proton
0 . | orbital.
P Fig. 4(b) compares the excitation energies of the
94 96 98 100 102 104 106 108 1/2+[660] (i13/2) band members relative to the /2t
N (h11/2) and the 92~ (hg,2) states in several odd-mass

old isotopes. The parabolic fit to the rolate)—
Fig. 4. (a) Equilibrium deformations for the/2[660Q] (i13/2) 9 P P 13/2 (p )

configuration over a range of gold isotopes. The filled symbols mhii (near_Sphe“(?a_llweakly_defo,rmed) energy dif-
correspond to the values deduced from the VMI fit, while the ferences shows a minimum near mid-shell and resem-
open symbols are predictions from TRS calculations (see text for bles closely the prolate—oblate energy differences ob-
details). (b) Energy systematics for the prolaj@*1(660] (i13/2) served in neighboring even—even Pt and Hg isotopes.
mgsiig g::t é)(:f(ijl;gq;:l :Eo:zftgﬁjihﬁgivi :r)n EZ?Z;lt(:élléz; Another feature shown in Fig. 4(p) is that tlmélg,/z
band (open symbols). The results for the heavier Au nuclei a?e taken (prolate)ﬂhg/z (prolat_e) energy difference cqntlnues
from Refs. [25,27,28,30]. The position of the/23 level in 175Au to decrease below mid-shell. Such a behavior should
has been deduced from the VMI fit, as discussed in the text. The NOtbe a surprise, given the deformation differences be-
parabolic fit for thewiizo—mhy1/2 energy differences in the Au  tween these two orbitals, as recently discussed by Lane
i;otopes are shoyvn by the solid line. The dashed aqd the dot-gashedet al. [31]_ It should be also noted that the effects of
Ilne_zs rep!’esent fits to the prolate—_oblate energy d|fferences in the Coriolis coupling and triaxiality were not taken explic-
neighboring even—even Hg and Pt isotopes, respectively. . ) . . .

itly into account in the systematics shown in Fig. 4(b),

although their role may be significant as the deforma-
predictions placed the maximum in deformation near tion reaches smaller values.
mid-shell, the extracted empirical values maximize at  To summarize, excited structures in the neutron de-
lower neutron numberN ~ 98—100). The reason for  ficient 173Au, 17°Au and"’Au nuclei were observed
such a difference is at present not fully understood. for the first time using the Gammasphere array and
It is interesting to speculate that this may be due in the recoil-decay tagging method. These data provide a
part to changes in the shell structure associated with link between heavier deformed Au nucleéV (> 100)
weak binding. On the other hand, it is worth pointing and the spherical proton-emittéf!Au. In this con-
out that, atN = 98, the neutron Fermi level resides at text, 17Au (with levels associated with three differ-
the boundary of a deforme@{ ~ 0.25) sub-shellgap  ent shapes) presents itself as a transitional nucleus.
and that this results in an increased shell-stability for Theoretical calculations of intruder orbital occupation
specific prolate configurations. probabilities and single-particle quadrupole moments
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100 - (a) protons Wou!d imply t_hat more complicat_ed pa_rticle—hole ex-
citations are involved in the configuration of the pro-
[541]1/2 i late structures in the neutron deficient Au nuclei.
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